decreases in midsystole as LV pressure rises and the transmitral closing force increases. This behavior was reproduced in vitro by He et al. (14) and shown by Hung et al. (31) to be determined in patients primarily by the midsystolic rise in LV pressure, closing the mitral leaflets more completely, with a lesser contribution from midsystolic annular contraction. Thus, MR variation within the cardiac cycle (32) provides clues to the basic forces influencing leaflet closure (33) . Changes with loading. Ischemic MR also varies dynamically with loading conditions that modulate LV volume. This variation is expressed most dramatically in the operating room, where anesthetic induction and inotropic agents can reduce moderate MR to trace amounts, confounding decisions regarding need for repair (34 -36) . Dynamic changes with unloading have also been described by Kizilbash et al. (37) . In patients with heart failure, effective orifice area is similarly reduced by medical decompression of the LV (38) . The dominant factor in these dynamic changes is variation in ventricular geometry as the proximate cause of tethering. Exercise-induced variation. The current article provides further insight into the pathophysiology of postinfarction MR as a characteristically dynamic lesion. The authors prospectively examined 70 patients with at least mild MR and LV ejection fraction Ͻ45%, excluding patients with evidence of exercise-induced ischemia. During semi-supine exercise, the effective regurgitant orifice area was quantified by two complementary Doppler methods. The observed changes were important and largely adverse, with orifice area increasing by Ͼ20 mm 2 (enough to change grade of severity) in nearly 30% of patients. The exception was patients with inferior myocardial infarctions and recruitable systolic function, in whom regurgitant orifice area tended to decrease. Exercise-induced changes in MR did not correlate with degree of MR or LV dysfunction at rest. Instead, they correlated best with changes in mitral valve configuration and mitral apparatus geometry at both ends of the tethered leaflets, including annular dilatation and posterior displacement of the papillary muscles (10) . Clinical implications. Patients with milder degrees of MR at rest who undergo coronary revascularization are not generally considered to require additional efforts to address the mitral valve. Yet, as this study demonstrates, patients with milder MR may actually have more severe regurgitation when provoked by exercise. These same authors have shown that such exercise-induced increases in MR are accompanied by increases in pulmonary artery pressure (39) . These adverse exercise hemodynamics could potentially explain the clinical puzzle of patients who have exertional dyspnea out of proportion to their degree of dysfunction or MR at rest if exercise increases their MR and pulmonary pressures (assuming this scenario is not due to intermittent ischemia with "flash pulmonary edema"). Thus, assessing the true impact of ischemic MR often becomes a "moving From the Cardiac Ultrasound Laboratory, Department of Medicine, Massachusettstarget," engendering discussions among echocardiographers, surgeons, and anesthesiologists. The dynamic nature of ischemic MR can support the contention of some surgeons that decisions should not be based on MR assessment alone, given its dependence on load and volume, but rather on the appearance of restricted leaflet closure, which sets the stage for important MR. This study naturally leads to the question of whether exercise testing should be performed on all patients with ischemic MR. That will require further investigation, but we can anticipate that provocative testing could be most useful when the quantitative and clinical importance of MR are unclear, particularly when MR is mild to moderate at rest.
Is bypass alone sufficient to reduce ischemic MR?
Although several studies demonstrate frequent persistence of ischemic MR after revascularization alone (34) , others maintain that coronary bypass is sufficient therapy in most patients (40) . Moreover, no approach currently predicts in which patients MR will resolve with revascularization alone. Exercise testing may be informative in this controversial decision. This study suggests that exercise-induced reduction in MR caused by improved motion of the inferior LV base would predict that revascularization alone is likely to reduce the MR. If MR persists or increases with exercise, however, the implications are not obvious. Evidence of myocardial viability with low-dose dobutamine could provide comparable information, but the decrease in LV volume with higher dobutamine doses may decrease tethering and MR without predicting lasting benefit off inotropic support (41) . (43) showed that LV end-systolic volume increased with supine exercise in patients with coronary artery disease; the decrease in volume seen in the patients of Lancellotti et al. (10) suggests that they resemble patients exercising in the sitting position (44, 45) . The increases in MR, therefore, cannot be simply ascribed to positional variation. The authors acknowledge the technical challenges of quantifying MR during exercise, with substantial limits of variation and standard deviations between observers and methods (39), and they recognize the limitations of applying the proximal flow convergence method at only one time point and velocity (30, 46) . Clues to the cure. Returning to the principle that successful valve repair must address mechanism, this study provides further evidence for the decisive role of adverse mitral and ventricular geometry in the mechanism of ischemic MR. Increased MR with exercise is associated with greater tethering at both the annular and papillary muscle ends of the leaflets. Unbalanced tethering can therefore be addressed by papillary muscle repositioning, achieved by infarct plication (18, 47, 48) , by external constraint applied to reverse LV remodeling locally (49, 50) , or by direct traction (51, 52) . Biventricular pacing can potentially reduce tethering (related to LV end-systolic volume) (53-55) as well as increase mitral valve closing force (56) . Additionally, specific chordal modification can minimize mitral leaflet deformity and MR, either alone or combined with annular ring reduction (57) . In summary, therefore, the dynamic changes in ischemic MR with exercise provide clues to increasing the effectiveness of therapy by addressing the geometric culprits.
